Biallelic variants in SMAD6 are associated with a complex cardiovascular phenotype.
Rare heterozygous variants in SMAD6 have been identified as a significant genetic contributor to bicuspid aortic valve-associated thoracic aortic aneurysm on one hand and non-syndromic midline craniosynostosis on the other. In this study, we report two individuals with biallelic missense variants in SMAD6 and a complex cardiac phenotype. Trio exome sequencing in Proband 1, a male who had aortic isthmus stenosis, revealed the homozygous SMAD6 variant p.(Ile466Thr). He also had mild intellectual disability and radio-ulnar synostosis. Proband 2 is a female who presented with a more severe cardiac phenotype with a dysplastic and stenotic pulmonary valve and dilated cardiomyopathy. In addition, she had vascular anomalies, including a stenotic left main coronary artery requiring a bypass procedure, narrowing of the proximal left pulmonary artery and a venous anomaly in the brain. Proband 2 has compound heterozygous SMAD6 missense variants, p.(Phe357Ile) and p.(Ser483Pro). Absence of these SMAD6 variants in the general population and high pathogenicity prediction scores suggest that these variants caused the probands' phenotypes. This is further corroborated by cardiovascular anomalies and appendicular skeletal defects in Smad6-deficient mice. SMAD6 acts as an inhibitory SMAD and preferentially inhibits bone morphogenetic protein (BMP)-induced signaling. Our data suggest that biallelic variants in SMAD6 may affect the inhibitory activity of SMAD6 and cause enhanced BMP signaling underlying the cardiovascular anomalies and possibly other clinical features in the two probands.